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@ Multiply folded laser systems. 

@ A laser resonator (47), having multiply folded optical paths 
in an extended region by a set of front surface reflecting 
elements (59), can be used in a gas laser oscillator or amplifier, 
in either continuous wave mode or pulsed mode. This optical 
path is folded into larger domains within a polygon area of the 
laser cavity (61, 63), thereby achieving increasingly longer laser 
paths without a corresponding increase in the number of 
folding elements. The resulting domains fully cover the plane 
with a grid (57) of evenly spaced and intersecting optical paths. 

In one embodiment, a waveguide gas laser system with a 
ceramic block (49) having a multiply folded optical path of 
intersecting waveguide channels (57) cut into the block (49). 
The reflecting mirrors (59) of the laser resonator (61, 63) are 
integrally attached to the ceramic block (49), enhancing the 
durability of the laser resonator and reducing its size. Since the 
laser medium is gaseous, the matching of refractive indices is 
not required. 
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Description 

MULTIPLY FOLDED LASER SYSTEMS 



5 Technical Field 

This invention relates to a laser resonator, and more particularly to gas laser systems In which the optical 
path of the laser radiation is lengthened by using a multiply folded resonator. 

10 

Background Art 

Commercially available gas lasers offer limited power output capabilities per unit length. Typically, the upper 
limit for a C02 laser is about .6 watts/cm. Hence, when a C02 laser is used in applications requiring high 

15 output powers (about 30 watts), resonator lengths are on the order of 50 cm. The resulting system 
architectures are mechanicaliy complex, are not rugged or reliable, and have restricted portability. When 
waveguide lasers are used with a ceramic bore material, long resonator lengths imply considerable 
manufacturing difficulties because of tight machine tolerances, poor yields, and high production costs. 
Chenausky et al, in U.S. Patents 4,429,398 and 4,438,514, solves the length problem by using mirrors to fold 

20 the optical path, achieving some reduction in overall resonator length at the expense of a modest increase in 
width. In the '398 patent two parallel waveguides are optically coupled by a pair of folding mirrors within a 
common block. This configuration results In a finite amount of diffraction losses that can be reduced but not 
eliminated by minimizing the distance traveled in free space. The '514 patent shows a progressive 
improvement which uses a third diagonal waveguide that connects, end-to-opposite end, the two parallel 

25 waveguides. Since the waveguides are serially connected, the laser cavity will have a series of parallel 
waveguides, a Z-folded waveguide, or a ring arrangement. 

De Maria, In U.S. Patent No. 3,361,987, increases active gain length in a polysided folded laser path in 
resonators employing solid or liquid amplifier media, with a continuously folded optical path, using total internal 
reflection. Nakagome et al in U.K. Application No. 2,033,648A employs a similar configuration for achieving 

30 long optical paths in semiconductor light amplifiers. The use of total interna! reflection by De Maria and 
Nakagome requires that the refractive indices of the laser medium and the matching medium be selected to 
achieve the proper angle of reflection. The reflecting medium may surround the laser medium, or may be 
deposited on the end faces of a solid medium. De Maria suggests the use of a ruby laser element immersed in 
liquid oxygen. The required index matching significantly increases the difficulty of manufacturing and operating 

35 the laser. In gas lasers with the index of refraction differing from unity by a few parts per million, total internal 
reflection cannot be used as an optical path folding technique. 

Reduction in resonator lengths can be achieved by allowing resonator cross-sections to grow 
proportionately to maintain a constant volume of lasing medium. However, where the laser cavity 
cross-section cannot grow past an upper limiting size, such as the capillary bore in HeNe lasers or small 

40 channels in waveguide C02 lasers, the standard technique to reduce length has been to divide the laser 
resonator into smaller segments and to connect the segments serially with mirrors or prisms. 

Successful implementation of laser-based systems can greatly benefit from a drastic reduction in laser 
resonator size. In particular, overall laser cavity length appears to be the limiting parameter. Virtually al! 
applications that require portability and ruggedness are enchanced by a reduction in total cavity length. 

45 

Summary of the Invention 

It is the primary object of this invention to create a compact and rugged gas laser resonator with dramatic 
50 reductions in the overall resonator size by multiply folding the resonator. 

It is another object of the invention to eliminate the requirement for total internal reflection in a multiply 
folded laser medium. Still another object is to minimize the alignment problems of a multiply folded laser path. 

These objects have been met with a technique for generating multiply folded laser paths in an extended 
region of a laser resonator, whereby path segments are connected to one another by a set of front surface 
55 reflecting elements located along the resonator perimeter. The laser resonator can be used in either a gas 
laser oscillator or amplifier, and in either pulsed or continuous wave mode. Moreover, this resonator involves a 
system of stacking, which enables the assembly of minims (unit tiles) containing the folded paths into larger 
domains. The mirrors preferably surround the minims and are arranged in a substantially rectangular 
configuration. Increasingly longer laser paths are achieved without a corresponding increase in the number of 
60 folding elements, but only by extending the length of the folding elements. The resulting domains fully cover 
the plane with a grid of evenly spaced and intersecting optical paths. 

These principles are preferably incorporated into a waveguide gas laser system having a ceramic block and 
a multiply folded optical path of intersecting waveguides. The reflecting mirrors of the laser resonator may be 
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integrally attached to the ceramic block, enhancing the durability of the laser resonator and reducing its size 
Alignment problems may be further minimized by the use of a closed loop optical path, in which Ihe outpui 
coupler and reflectmg m.rror at the opposite end of the optical path are on" «Um«J^J^ opTca! 

The novel features which are believed to be characteristic of the invention as to the multiply folded laser 
resonator and the method of lengthening the optical paths together with further *L^SS£S 
thereof, w,ll be better understood from the following description In connection wtth he accompaE 
drawmgs ,n which the presently preferred embodiments of the invention are m£^££S^ 
expressly understood, however, that the drawings are for purposes of Illustration and description oTSnd are 
not intended as a definition of the limits of the invention. ■•wipnon oniy, and are 
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Brief Description of Drawings 
FIG. 1 A is a closed loop minim in the shape of an equilateral triangle. 

FIG. 1 Bis a closed loop minim in the shape of a rectangle. ' ?5 

FIG. 2 is a stacked, closed loop configuration arranged as an equilateral triangle 

FIG. 3A is a stacked, rectangular, closed loop configuration. 

FIG. 3B is another embodiment of a stacked, rectangular, closed loop configuration 

fig. 4 is a stacked, rectangular, open loop configuration. 

FIG. 5 is another embodiment of a stacked, rectangular, open loop configuration 2 ° 

fig. 6 is a three dimensional, rectangular open loop configuration 

FIG. 7 is a segmented perspective view of a rectangular, two-dimensional, laser resonator 

F G. 8 is a cutaway elevation of the laser resonator structure taken along line 8-8 in FIG 7 ' 

FIG. 9 is a cutaway elevation of the sealed laser head. 

FIG. 10 is a perspective view of the sealed laser head shown in FIG 9 25 



Detailed Description of the Invention 



FIG. 1 1 A is a simple surface element of least surface area (minim) 21 in the shape of an equilateral trlanole % 

-/Eti T 19 thres . mirrors 23 with nodes 17 located at the JS«S3JSS 

PerimeS of%a"' 9 1? " the ° Vera " P&th ,ength is " 3a "' and mini ™ 21 • 

FIG 2 is a module of stacked minims 27 in the shape of an equilateral triangle, having total reflector 31 anri « 
partial reflector 33 located at the same node, forming a closed loop optical path By stack ngthe nin ms in mis 
manner, optical path 19 is .engthened compared with the single minim configuration of RG 1 JStSSJS 
the perimeter of stacked minim 27. The overall path length in stacked triangles is lim l ed to Cerimete of 
SI^'T •■ Wh " e 11 15 , P ? Sib ' e t0 USS trian9Ular minims t0 aenera * folded optical paths in a Sl^e he 

oftr^ 40 

23 again with nodes 17 located at the juncture of optical path 19 and mirrors 23. 

ro^tS 6 SSLfrS . T' ^ 2 V S ° btained by S,acking six s 9 uare minims 29 in three columns of two 
rows each. Internal reflections 18 are intersections of optical path 19 with itself The result™ inter^i™ !!Z 
of multiply folded optical paths can be unique* defined' by fou! Veronal ^^SZZSSE 
nodes along one edge of the module (three are shown along the x-axis in FIG 3A\ • • k thl n.^L T * 
along an orthogonal edge of the module (two are shSong Z i W 3A V iff t £ 

SH&*T"lf¥ : a a n"d d 2" " ^ T Spa ~ y the T edgt ffiiCmSK 
ciassineo Dy specifying I and j , and its size can be scaled by a choice of grid parameters V and -b" 

* h t C ( ° n f gura i0n in 3A is desi 9"^d as M(3.2), where index i = 3, anTEj = 2 ' 
In a stacked closed loop configuration such as shown in FIG. 3A, total reflector 31 and partial reflector 33 ar* 

« Z th 6 Same n0de " Th , 6 m ° St ef,BC,iVe Stackin 9 is a closed ,0 °P. ''t^^^SSSSl 
one of the corners is removed to provide an entrance and an exit for optical path 19 as shown in FIG 3B The 
quashsquare- is preferred from a functional point of view, i.e. a module having indLs S dl bv llor 
minus one, such as M(3,4) or M(5,4). When the optical path Is multiply folded in ??S*2^fiSfSS 
length has a mm.mum number of nodes. When used as a laser resonator module 26 1 maXve anv notnS 

ll^^tS^-***? patter ? s wi " permit the closest p«*!5^W?.XSK! 

^TJS^^ quasi-square" arrangement for the fold mirrors is 45 degree reflections (square 
« S H?- 0P ??l SUbStrate 35 may be " sp,it coated " t0 ^corporate both total reflector 31 and partial reflector 
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structures are suggested, since flat reflector elements are preferred in this approach. 

Open loop configurations, wherein partial reflector 33 and total reflector 31 are located at different nodes are 
depicted in FIG. 4, which is designated as M(1.5, 2.5), and FIG. 5, which is designated as M(2.5, 2). When partial 
reflector 33 is located in one corner, and total reflector 31 is located in the opposite corner (see FIG. 4) an 
optical axis is preserved between the entrance and the exit channels, with an offset defined by channel 
spacing. This is the preferred configuration for use as a single pass amplifier, since the output beam is parallel 
to the input beam. When it is necessary to introduce special optical elements for use in the resonator, such as 
prisms or gratings for wavelength control, piezoelectric elements for cavity control, or intracavity electro or 
acousto-optic elements, or total or partial reflectors with finite radii of curvature, open loop configurations that 
allow for independent mounting for such elements are preferred. 

The set of acceptable closed loop configurations are generated by stacking minims to yield modules defined 
by a choice of integer value for indices "i" and "j" which do not share least common denominators. Thus, for 
example, M(4,5) is acceptable, but M(4,6) is not, since the integers 4 and 6 are both divisible by 2. 

Similar patterns can be generated for open loop configurations by setting either V "j," or both equal to half 
integers; such as M(1.5, 2) or M(1.5, 2.5). 

The module parameters "a", "b", V, and "j" can be used to define the following laser parameters in 
two-dimensional grids: 
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LASER PARAMETER 

Laser Dimensions 
Total Path Length 



SYMBOL EXPRESSION 

X,Y ia, jb 
L 2ij square root 

(a squared + b squared) 



30 



Open Loop 
Number of Node Reflections R 
35 Nuniber of Internal Crossings C 



2{i+j-l) 

(2i-l) X (2j-l)/2 



40 



Closed Loop 
Number of Node Reflections R 
Number of Internal Crossings C 



2(i+j) 

i(j-l) + j(i-l) 



45 

In closed loop configurations, no provision has been made in these equations for a cutaway corner. 
A resonator can be designed by selecting values for these parameters and by solving the above 

expressions. For example, a path length (L) = 50 cm may be selected to minimize the total number of nodes. 

This is important in applications to systems with low intrinsic gain, since each node introduces losses due to 
50 jess than perfect mirror reflectivity. A closed loop "quasi-square" is selected where i = 2, and j - 3. if square 

minims (a = b) are used, then "a" is calculated to be 2.95 cm, for the node spacing, A = 52 square cm, with 

X = 5.89 cm, and Y = 8.84 cm. 
Conversely, if the path length in a given surface area is to be maximized for a laser with high intrinsic gain, 

regardless of the number of nodes, a different approach is used. The parameters selected are A = 52 square 
55 cm (the same as the previous example), i = 4, j - 5 (again a closed loop, "quasi-square" geometry), and 

again square minims are used (a = b). Then "a" is calculated to be 1.61 cm for the node spacing, X = 6.45 cm, 

and Y = 8.06 cm, producing a path length (L) of 91 cm. 
FIG. 6 shows how the principles of this invention can be applied to three dimensional configurations. A 

simplified open loop geometry is shown, having four mirrors 37. Total reflector 31 and output coupler 33 are 
60 arranged relative to optical path 1 9 and fold mirrors 37 so as to elevate the path with each successive reflection 

within the laser cavity. 

FIG. 7 and FIG. 8 depict the preferred embodiment of laser resonator 47 within a waveguide gas laser 
system, which includes polygonal ceramic block 49, intersecting waveguides 57 formed in block 49, reflecting 
mirrors 59, with total reflecting mirror 63, and output coupler 61 "split coated" on single optical substrate 62. 
65 a gaseous laser gain medium is contained in the waveguides. Any gas mixture capable of laser action is 
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suitable for use as a gain medium in this multiply folded waveguide gas laser structure. Typical gases used for 
gas lasers include carbon dioxide, argon, and helium-neon. A waveguide C02 laser is preferred usinq a 
mixture of xenon, carbon dioxide, nitrogen, and helium in typical proportions of 5-10-20-650/0 ' 

When a rectangular optical path pattern is used, opposing vertical outer surfaces 55 of ceramic block 49 are 
parallel. Reflecting mirrors 59 are mounted adjacent to and parallel to vertical outer surface 55 of block 49 The 
incident angle on the second fold mirror preferably Is complementary to the incident angle on the first fold 
mirror, to produce a regular and evenly spaced optical path. In the case of modules obtained by stackinq 
square minims, waveguides 57 are located at 45 degrees and 135 degree angles relative to reflecting mirrors 
59, with light reflected ninety degrees upon each incidence with a reflecting mirror 

Higher power output can be generated by serially connecting more than one laser resonator 47 while usino 
only one output coupler 61 and one mirror 63, or by using one laser resonator 47 serially connected to one or 
more amplifier stages. Such stages may be standard amplifiers, or may make use of the multiply folded design 
of this invention. Use of the present design for amplification requires the substitution of anti-reflection coated 
windows in place of the output coupler 61 and mirror 63. 

Ceramic block 49 is composed of a solid ceramic such as aluminum oxide or beryllium oxide Block 49 has 
first horizontal surface 51 substantially parallel to second horizontal surface 53, and four vertical outer surfaces 
55 Block 49 contains a series of intersecting waveguides 57. The waveguides may be cut into first horizontal 
surface 51 of the block or may be drilled In the block (not shown). Rather than the flat waveguide grooves 57 
depicted in FIG. 7 and FIG 8, waveguides with circular cross-sections may be used which are drilled into block 
49^ Waveguides having circular cross-sections make alignment easier and result in a more stable laser 
radiation mode structure. However, circular grooves are more difficult to machine, since the grooves are 
drilled at acute angles relative to outer surfaces 55. 

■ ^t? f h L 0nge , r ° ptica ' path lengths (and therefore more power) can be obtained not only by machining 
larger blocks but also by stacking smaller blocks. At the points where the waveguides intersect, negligible 
intracavity diffraction losses are introduced. Waveguide cross-sections are preferably on the order of 2 5 mm 
and the distance between intersections is at least 2.5 times the waveguide cross-section 

Reflecting mirrors 59. and substrate 62 are adjacent to vertical outer surfaces 55. Reflecting mirrors 59 and 
substrate 62 may be integrally attached to block 49. as shown in FIG. 8. Alternatively, the reflecting mirrors mav 
be permanently mounted a small distance from the block, leaving a small gap (0.2 to 5 mm) for gas flow (as 
shown in FIG. 9) A spacer may be inserted between block 49 and substrate 62 to ensure a uniform distance 
between these elements. 

In general, reflecting mirrors 59 are substantially parallel to vertical outer surfaces 55. However other means 

nlSSoSf , diff ; acti0 2 grati T or prisms ma y be used - Generally, the gratings or prisms will not be 
parallel to the verttcal outer surfaces, thereby increasing the size of laser resonator 47. However the use of the 
gratings or prisms allows the laser output radiation to be tuned. 

Since the multiple folded cavity leads to many incidences on reflecting mirrors 59, and each incidence 
results in some reflection losses, the use of high quality optics is critical. Reflection losses can be minimized 
with high quality surfaces such as enhanced silver or enhanced gold (99.80/o reflectivity). Surfaces of lower 
reflectivity, such as diamond turned copper (99<>/o reflectivity) become less suitable as the number of 
incidences upon the reflecting mirrors increases. Output coupler 61 permits a certain portion of the optical 
radiation in resonator 47 to escape (typically 5-25<>/o) and reflects the remainder of the optical radiation to 
satisfy oscillation conditions in the gain medium. 

I ~ *?J n9 ? irr ° rS iS t0 C ° nnect ° pticaily adjacent wav *9uide channels with minimum 

losses. Standard state-of-the-art reflections at 10.6 microns (C02) wavelength include silicon substrates with 
enhanced and protected silver or gold coatings, with measured reflectivity (with a 45 degree angle of 
incidence of 99.80/0 for s-polarization (parallel to the front surface of the mirror) and of 99 5<Vo for 

S , ,P Tf^ t0 the J fr ° nt SUrface 0f the mirror) ' ln the absence of other polarization 
determining element, this difference dictates laser operation in a fixed polarization with waveguide modules of 
ten nodes or more. Fixed polarization lasers are generally preferred to lasers with a random or varying plane of 
polarization. A typical folding mirror is 5 to 10 cm long, 6 mm high, and 6 mm thick 
The multiple reflections increase the difficulty of aligning the laser resonator. Although Individual mirrors 

SnmpntloHoJ! ™ r ^ may *» Used (not snown) ' tnis multiplicity of mirrors causes 

£ B "* P " ° D ' ems - Tne d'Snment problems are minimized by the use of a minimum number of reflecting 
h Z J ' l h T nfl m ' rr0rS 59 and substrate 62 Permanently mounted adjacent, or integrally attached to 
block 49, and by locating more than one node on each mirror 59. Thus, the distance between waveguides' 57 
and these optics is minimized. This resonator design has several major advantages. First, the optical path 
outside the waveguide channels is negligible, reducing diffraction losses. Second, the total non-gain path is 
minimized. Third, permanently mounting reflecting mirrors 59, and substrate 62 enhances the stability 
ruggedness, and portability of the resonator. awuwiy, 

u*- 1 ?* C0 . UP ' er V may b V ither 9ermanium orzin = selenide (ZnSe) substrates. In waveguide C02 lasers 
where the intracavity power density may exceed 2 kW/square cm, ZnSe is preferred since germanium suffers 
In^ f f T Way ' The SUbStrate is antireflecti °n coated on the surface away from the ceramic waveguide 
Z J^T,i^ e approp t n£ * e ref ! ectivit V on the surfaca f ^ing the ceramic waveguide. The reflectivity value 
SK^JSE YT nat T le "?\ resonator losse s. ^d fill pressure, but is typically in the range of 7 5 o/o to 
950/0. Typically, output coupler 61 and mirror 63 are about the same size; about 6-9 mm in diameter and 3 mm 
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thick. Mirror 63, output coupler 61, and folding mirror 59 are commercially available from Laser Optics, Inc. 

FIG. 9 and FIG. 10 depict a cutaway side view and a perspective view of the sealed laser head 73. Laser 
resonator 47, Including reflecting mirrors 59 and ceramic block 49, is situated between first electrode 75 and 
second electrode 77. The electrodes shown in FIG. 9 are external electrodes, situated above and below first 

5 horizontal surface 51 and second horizontal surface 53 of block 49. Alternatively, the electrodes may be hybrid, 
with one electrode situated inside the laser resonator and one outside the laser resonator, or both electrodes 
may be situated inside the resonator. The external electrode configuration is preferred, since it removes metal 
electrodes from the active discharge region, thereby improving the life of the laser. A discharge between the 
electrodes excites the gain medium, creating a population inversion. The electrodes preferably receive power 

10 from a radio frequency generator, although other discharge sources may be used. Laser resonator 47 and first 
electrode 75 are contained within sealed volume 79 defined by second electrode 77, walls 81, and flange 83. 
Only laser resonator 47 need be within the sealed volume. The gas mixture in sealed volume 79 can flow into 
and out of waveguides 57 through gaps between reflecting mirrors 59 and ceramic block 49 (as shown in 
FIG. 9). Also, the gas mixture can be fully sealed in laser resonator 47, without the use of a larger sealed 

75 volume. 

Insulated RF power feed through 90 is connected to first electrode 75. Sealed volume 79 is closed by flange 
83, gasket 85, and sealing cap 87 which may be tightened against flange 83 with sealing bolts 89. Sealing bolts 
89 permit access to laser resonator 47 for replacement or adjustment. 
Walls 81, electrodes 75 and 77, flange 83, and sealing cap 87 are preferably made of stainless steel. Gasket 

20 85 is made of a malleable material, such as copper. FIG.10 shows a cylindrical laser head 73, which uses 
stainless steel tubing for walls 81 . Second electrode 77 seals volume 79 at one end, and flange 83, gasket 85, 
and sealing cap 87 close volume 79 at the opposite end of the cylinder. 

A flat ceramic plate 45 may be inserted between block 49 and first electrodes 75, to provide all-ceramic 
waveguide channels. This will remove metal electrodes from the active discharge region, thereby improving 

25 electrode life. Also the ceramic plate acts as a proper capacitive ballast to the RF discharge. 

Optical output port 91 and gas fill port 93 are attached to walls 81. Optical output port 91 and output coupler 
63 (see FIG. 7) are aligned to minimize loss of power. Alternatively, block 49 may be mounted within sealed 
laser head 73 so that output coupler 63 is situated in optical output port 91 . Gas fill port 93 may be of the pinch 
off type, or may be of a stopcock type for repetitive use where frequent exchanges of the gaseous laser gain 

30 medium are necessary. ' 
Power transferred from the RF discharge of the electrodes to ceramic block 49 causes heating of the block. 
This heat can cause instability and lower power output of the laser. The use of ceramic material with a high heat 
transfer capability, such as BeO, enhances the dissipation of heat transfer from block 49. ► 
In FIG. 9, block 49 is placed in contact with second electrode 77, which serves as a cooling plate. At typical 

35 laser efficiencies of about 100/o, most of the RF power applied to the lasing gas mixture is converted into heat. 
Successful laser operation requires that this heat be removed from the gas mixture through ceramic block 49 
by means of a suitable cooling system. Heat transferred from block 49 to second electrode 77 is dissipated 
with a fluid cooling system. The cooling system includes tubing 99 connected to cooling fluid inlet 95 and 
cooling fluid outlet 97, permitting flow of a cooling fluid through a cavity in second electrode 77. Also, block 49 

40 may be cooled through cavities formed in block 49, with the fluid circulating directly through block 49. 

The ceramic block 49 fulfills the dual role of insulating the spacer between top RF electrode 75 and bottom 
RF groundplate 77, and of cooling the interface between the hot laser plasma and the bottom cooling plate. 
Beryllia is the preferred ceramic because of its high thermal conductivity, even though it is toxic in powder 
form. Beryllia is readily available and can be easily fabricated into waveguide grids. High purity alumina (98.5% 

45 or higher) may be used in low power applications at reduced thermal loads. 

A prototype laser resonator has been built using a 98.5Q/0 beryllia ceramic block with intersecting 
waveguides, and machined into a M(3.5, 4) open loop structure. The structure has 13 nodes (R), 21 crossings 
(C), "a" and "b° are each equal to 0.75 inches (square minims), and the path length (L) is 29.7 inches. Three of 
the fold mirrors are 1.75 inches long, 0.25 inches high, and 0.25 inches thick. The fourth mirror is 2.75 inches 

50 long, with the same height and thickness. All four mirrors are precisely located around the perimeter of the 
block at a spacing of 0.010 inches from the vertical outer surface of the block. Mirror reflectivity is measured at 
99.70/0 per reflection for s-polarization. A beryllia plate is used as a top cover. The ceramic block and the fold 
mirror assembly rest on an aluminum plate serving as a ground electrode and cooling plate, and carrying a 
serpentine cooling water channel. The laser cavity is filled with a mixture of C02, nitrogen, and helium mixture 

55 (1:1: 3.8) with 5% of added xenon. At a fill pressure of 70 Torr, with output coupler reflectivity of 80% and RF 
power input of 300 watts, a continuous wave output power of 22 watts is achieved. 

Although only geometries involving three and four reflecting mirrors have been discussed herein, it is clear 
that the principles of this invention are applicable to more sophisticated polygonal structures, involving either 
two or three dimensional configurations. Similarly, although much of this disclosure has involved waveguide 

60 lasers, the principles of this invention are applicable to non-waveguide gas laser systems, such as free space 
mode lasers. 

Accordingly, there has been provided in accordance with the invention, a multiply folded gas laser resonator 
that fully satisfies all of the objectives set forth above. It is understood that all terms used herein are 
descriptive rather than limiting. While the invention has been described in conjunction with specific 
65 embodiments, it is evident that many alternatives, modifications, and variations will be apparent to those skilled 
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in the art in light of the disclosure herein. Accordingly, it is intended to include all such alternatives 
modifications, and variations that fall within the spirit and scope of the appended claims. 
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Claims 5 

1 . A laser resonator which lengthens the optical path of laser radiation in a laser cavity, comprisinq • 
a gas medium capable of supporting laser action located within the laser cavity ■ m 
means for supplying power to the laser cavity; ' 
means for removing heat from the laser cavity; 

,nJc P jS 9 ° nal bl0 ° k j n th K 6 CaV | ty ; the bl ° Ck haVing at least three outer surfaces . the b'ock having a grid of 
intersecting waveguide channels formed therein; and 

reflection means consisting of a plurality of mirrors, each mirror located along an outer surface the is 
mirrors and the grid cooperating to define a folded optical path within the laser cavity 
radiation 386 ' reS ° nat ° r accordin 9 to claim 1 > wherein the mirrors are coated to front reflect optical 

3. A laser resonator according to claim 1 or 2, further comprising 
a total reflector located adjacent to the reflecting means ; and 

f^^rS^* '° Cated adjaC8m l ° refle ° tin9 ™ a " S ' thr ° Ugh Which laser radiation esca P es 

sutetrtT 0Ut ^ °° UPler t0ta ' ref ' 9Ct0r ^ f ° rmed 00 adia ° ent areas of a single °P tical 

4. A laser resonator which lengthens the optical path of laser radiation in a laser cavity, comprising • 25 

a gas medium capable of supporting laser action located within the laser cavity 
means for supplying power to the laser cavity; 

means for removing heat from the laser cavity ; 
rJt££f*- ° f mi 1° rS '° Cated f Wifl ? ln the ° aVity ' inc,uding a first mirror - 3 second mirror, and at least two 
SS3K£33^ 3 SUbStamia,ty reCtan9U,ar each - the "*« bai " g -ateS so 

means for directing the laser radiation within the laser cavity into each of the mirrors a first anale 
being formed between the laser radiation and the first mirror, a second angle being formed between the 

^^ssEsr flrst mirror int ° ,he ~- ^ - a — ™ 

5. A laser resonator according to claim 4, further comprising- 
a rectangular block located within the rectangular area, the block having a grid of intersectino 

waveguide channels, and the grid cooperating with the mirrors to define the folded optical p a tn n,ersect,ng 

angle reS ° nat ° r a ° C ° rdin9 * ° laim 4 ° f 5 ' Wherei " the first ^ is <™iplementary to the second 

7. A laser resonator according to claim 4, 5 or 6, further comprising : 40 
a total reflector located adjacent to the plurality of mirrors- and 

fromTe llserSyT * * ™™ S ' ^ ^ radMon esca P es 

subsialf ° UtPUt C0UP ' er and t0ta ' refl6Ct0r 3re f ° rmed °" ad * cent areas of a sin 9' a optical 46 

8. A laser resonator which lengthens the optical path of laser radiation within a laser cavity, comprisinq- 
a gaseous medium capable of supporting laser action located within the laser cavity ompnsing - 
means for su pplying power to the laser cavity ; ' 
means for removing heat from the laser cavity'- 

radiations^ mirr ° rS ^ ^ ° f the mirr0rS being coated t0 front reflecttne 'aser 

means for directing the laser radiation within the laser cavity into each of the mirrors tormina a 
three-dimensional folded optical path, the elevation of which is progressive! Shamed' 
successive reflection from each of the mirrors. cnanaea Wlin each 

9. A process for lengthening an optical path within a laser cavity comprising- 

• s£^S^' l SSift!:2? ra ,oc,rte ?r« Wn . l »» c«*y atong « sartes of planes. InckidlnoalliBt mlrrar. 
a second m.rror, and at least two remaining mirrors, the planes forming a substantially oolvoonal area 
each of the mirrors being coated to front reflect optical radiation; &u °s™i.any polygonal area, 

aligning the mirrors within the laser cavity; 

generating laser radiation as power is supplied to the laser cavity and 

directing the laser radiation along a folded optical path within the polygonal area into at least one 
mirror on each of the planes, a first angle being formed between the laser relation and the firs mlr ! 
second angle being formed between the laser radiation reflected from the first mSTntoThe sS 
mirror and the second mirror, the folded optical path being defined by the configuration of the planes 65 
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10. A process according to claim 9, further comprising: 

providing a polygonal block within the polygonal area, the block having a grid of intersecting 
waveguide channels formed therein, wherein the mirrors and the grid cooperate to define the folded 
optical path. 
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